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Four options

a) Graphite core+ SS sleeve

b) Copper core + SS sleeve

c) Tungsten block

d) Graphite core + Tungsten sleeve
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Dump geometry
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Dump Core and beam area
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Loading extracted from Mar’s data
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Loading summary

1) Operation, 24 hr/365 day

Power=1 kw

2) Accident case:

OP+ 1 hr of 6.25 kw
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Material Property

Kxx _watt/m-K Thermal
expansion coeff
/K

Syield (ksi)
T=500 F

T melting

Cu
_c10200/sb152

~383 16.3e-6 8 ksi ~1000C

SS _s30400 16.7 16e-6 21 ksi ~1500 C

Graphite
600 3e-6

Varies, 
compressive 
strength 
~4,000 psi

> 3000 C

Tungsten 160 4.3e-6 85ksi > 3000 C
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Graphite core +SS sleeve _ OP (1 KW)
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Accident Case for Graphite +SS sleeve
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Copper core + SS sleeve
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Temperature for Cu+SS
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Tungsten block  temperature _OP
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Tungsten block for OP+ 1 hr of accident
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Graphite core + tungsten sleeve
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Temperature result

Lc_ total core 
length (cm)

Lz=beam
section length 
(cm) from 
Mar’s

Tmax
For OP of 1 Kw

Tmax for 
accident case : 
op+ 1 hr of 6.25 
kw

Graphite+SS
sleeve

80 cm 40 cm 394 K =121 c 
=247 F

501 K=228 C 
=442 F

Cu core + SS 
sleeve

60 cm 12 cm 402 K =129 C
=264 F

568 K=295 C
=563 F

Tungsten (core 
& sleeve)

12 cm ~6 cm 462 K =189 C
=372 F

921 K for Lc=12 
cm and 860 K 
for Lc=24 cm

Graphite core + 
tungsten sleeve

80 cm 40 cm 389 K 
=116C=240 F

476K =203 
C=397F
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Thermal stress for graphite core + SS
OP case
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Thermal stress for Graphite core + SS sleeve
accident case
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Thermal stress for Cu+SS
(operating case: 1 kw )
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Thermal stress for Cu+SS
Accident case
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Thermal stress for tungsten block
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Thermal stress for graphite core + Tungsten sleeve_ for 
OP case
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Thermal stress for graphite core + tungsten sleeve
Op+ 1 hr of 6.25 KW accident case
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Thermal stress

Graphite/SS Cu/SS Tungsten Graphite
/Tungsten

OP (1 kw)
stress ksi 4 ksi/24 ksi 40 ksi/24 ksi 38 ksi (ok) 3.7 ksi/22 ksi

Accident (1kw+
1 hr of 6.25 
kw)_stress ksi

5 ksi/35 ksi 60/44 ksi 85 ksi (ok) 4.9 ksi/35 ksi

Yield stress for Cu=8 ksi, 
SS=21 ksi, 
Grahite around 4~5 ksi in compressive,
W=85 ksi
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Conclusion

• Both tungsten block and graphite _core 
+tungsten sleeve will work.

• Tungsten block is simplest and Lc=24 cm is 
recommended.

• Tungsten +graphite core offers a least 
temperature rise due to the graphite core has 
a small dE/dz longer Lz ( 40 cm , rather than 
6 cm if it is tungsten core.
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